. Systematic water delay measured on calcined catalyst (■), SiO 2 support (•), reduced catalyst (▲), capillary linking the MS only (▼), and forward transient experiments (♦). Figure S2 shows the steady state CO conversion increases linearly with catalyst loading up to 50 mg. This indicates, with in this range, the reaction rate is constant in reactor, meaning the influence of the decreasing in partial pressures of CO and H 2 throughout the catalytic bed on the reaction rates is negligible. The changes in surface coverage of CO and H are therefore small and the plug flow reactor is differential with respect to these surface species. This allows us to describe the kinetics of the CO hydrogenation reaction by ordinary differential equation (ODE) set based on the mechanisms which are discussed in next section. 
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S2. Model fitting
S2.1. Validation of differential operation
S2.2. H-assisted CO dissociation mechanism based reaction model
CO hydrogenation reaction model based on H-assisted CO dissociation mechanism is schematically depicted in Figure S3 . The surface concentration of the reaction intermediates as a function of time-on-steam are mathematically described by the following ordinary differential equations:
where ߠ ୴ refers the vacant sites on surface, and is constrained by Figure S3 . Schematic presentation of reaction model based on H-assisted CO dissociation mechanism.
S2.3. Equilibrium constants from DFT
To minimize the number of free unknowns, DFT calculation based on Co(112 ത 1) surface is used to constrain the equilibrium constants (ratio of forward and backward rate constants) of hydrogenation steps. The results are listed in Table S1 . Consequently, 16 unknown rate constants are to be determined in each mechanism. DFT also helps to determine the initial boundaries of searching space. 
S2.5. Random sampling based global optimization approach
The differential equations describing the kinetics are highly nonlinear. It is very probably that typical fitting procedures will identify a local minimum rather than the global minimum. Accordingly, we employed a two-stage parameter estimation approach. 2 In the first stage, we searched the multidimensional space spanned by the unknown parameters by the Latin hypercube sampling method, which represents a near-random sampling of parameter values. The initial searching space was roughly determined by DFT calculation. In each iteration, a million uniformly distributed points were generated and evaluated by Eq. 21. Based on residual analysis, we shifted, shrank, or broadened searching space. After several iterations, the approximate location of the global minimum was identified. In the second stage, The 10 most promising candidates were then subjected to a standard Levenberg-Marquardt algorithm. S10
S2.6. Direct CO dissociation and H-assisted CO dissociation
The fitting results of CO dissociation mechanism based and H-assisted mechanism based reaction models are listed in Table S2 . Figure S4 shows the good correspondence between the experimental data and the models.
The coefficient of determination, R 2 , indicating how well our models fit the experimental data, suggests that the direct CO dissociation mechanism is in better agreement with experimental data than the H-assisted CO dissociation mechanism does. However, we note that the present work does not exclude direct CO dissociation and H-assisted CO dissociation running in parallel. 
The DRC results are listed in Table S3 , lumped DRC values for key reaction steps are listed in Table 3 .
The X DRC of carbon hydrogenation steps for direct CO dissociation and H-assisted CO dissociation are 0. overall rate. These results clearly show that the strong correlation between hydrogenation and overall rate is independent of the mechanism of CO dissociation. 
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